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Title: From River to Ridge
Subtitle: The Influence of Elevation and Habitat on Herpetofauna Species Abundance and
Diversity in the Llanganates-Sangay Ecological Corridor, Ecuador
Goals of the Study:
1. To determine the effect of elevation on herpetofauna abundance and diversity
2. To determine the effect of differing habitat type on herpetofauna abundance and diversity
3. To record all herpetofauna using iNaturalist to contribute to building a database for use in
future studies
Abstract:
Ecuador is one of the most reptile-diverse countries and is home to the highest abundance of
amphibians per unit area, with new species being discovered frequently. The Río Pastaza basin is
located to the east of the Andes and is characterized by a steep elevational gradient, converging
tropical forest types, and high levels of biodiversity and endemicity. Visual surveying was
conducted at night for a total of 48 hours in four different study sites to investigate the influence
of elevation and habitat on herpetofauna diversity and abundance. Two comparisons were drawn
between the four study sites, grouping SKIS and Waska sites and Ridge and River sites.
Comparing similarity between sites indicated low species overlap and high endemicity between
sites. Certain species dominated some sites or exhibited preferences for specific habitat types.
High concentrations of undescribed species were recorded along with an observation of a species
new to the Río Pastaza basin region. Further herpetofauna population studies would benefit from
the integration of calling surveys and building out a database to conduct more comprehensive
and efficient surveying of different sites.
Resumen:
Ecuador es uno de los países con mayor diversidad de reptiles y la mayor abundancia de anfibios
por unidad de área, con nuevas especies que se descubren con frecuencia. La región del río
Pastaza está ubicada al este de los Andes y se caracteriza por un gradiente altitudinal
pronunciado, tipos de bosques tropicales convergentes, y altos niveles de biodiversidad y
endemismo. Se realizaron estudios visuales durante la noche durante un total de 48 horas en
cuatro sitios diferentes para investigar la influencia de la elevación y el hábitat en la diversidad y
abundancia de la herpetofauna. Se hicieron dos comparaciones entre los cuatro sitios de estudio,
agrupando los sitios SKIS y Waska y los sitios Ridge y River. La comparación de la similitud
entre los sitios indicó una baja superposición de especies y una alta endemicidad entre los sitios.
Ciertas especies dominaron algunos sitios o exhibieron preferencias por tipos de hábitat
específicos. Se registraron altas concentraciones de especies no descritas junto con la
observación de una especie nueva en la región de la cuenca del río Pastaza. Los estudios
adicionales de la población de herpetofauna se beneficiarían de la integración de encuestas de
llamadas y la creación de una base de datos para realizar encuestas más completas y eficientes en
diferentes sitios.
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Introduction:
Ecuador is a hotspot for herpetofauna diversity, coming in at third place for the number
of amphibian species hosted, and taking the cake for the highest abundance per unit area (Ron et
al. 2021). With 464 recognized species, Ecuador is considered one of the most reptile-diverse
countries globally (Reyes Puig 2017). Ecuador is home to a wide variety of ecosystems and
habitats with an altitudinal range of 0-6,270 meters (Summit Post). In fact, a study on forest
fragmentation in Ecuador identified and investigated 64 different ecosystem types (Noh 2021).
High biodiversity and endemism of species, including herpetofauna, can be attributed to the large
elevational differences throughout the region. Tropical ecosystems create extensive opportunities
for niches and microclimates to develop, creating unique ecological pockets for amphibians to
inhabit. Elevation, in addition to the rain shadow effect and a lack of seasonality as a result of
being so close to the equator are all contributors to this trend. As a result, hyper-localization
tends to develop for amphibians in tropical environments and combined with significant
elevational disparities, endemism is common (Yánez-Muñoz et al. 2010). An abundance of
habitat niches in combination with significant elevational differences create ample opportunities
for speciation and habitat specialization for herpetofauna, but this trend applies to other
organisms as well, including orchids. The range in elevation and ecosystem types in Ecuador
alone provide a home for over 4,000 orchid species (Ceiba). However, hyper-localization is often
a double-edged sword because although it results in greater species diversity, there is also greater
species turnover and higher rates of extinction, especially with the interference of anthropogenic
activity. This means that species can be endemic to a small geographic area, threats such as
habitat destruction pose an enormous threat to them and has the potential to wipe out entire
populations.
The Llanganates National Park corridor ranges in elevation from 1,200 to 4,500m and is
comprised of the headwaters of the Amazon river (Landscapes 2021). The slogan of the nearby
town, Mera, is “Mera, donde nace la vida” which translates to “where life is born”, truly
reflecting the ecological significance this region holds, making it the perfect site to conduct this
study. Another site in Ecuador, Yasuni National Park, was previously recognized as having the
most diverse herpetofauna in the world, but recent studies have shown the Llanganates-Sangay
Ecological corridor to rival Yasuni and surpass it (Bentley, Publication pending). The
convergence of two forest types, tropical eastern piedmont and tropical low montane, creates a
transition zone and a unique site for investigation (Sumak Kawsay in situ). This study will

provide insight on how elevation influences herpetofauna diversity and abundance in the most
herpetologically diverse place on earth.

Figure 1: Map of the study site created using Google Earth. The study site is located to the
east of the Andes near the town Mera in Pastaza, Ecuador.
This study addresses shifts in herpetofauna species abundance and diversity in relation to
both elevation and habitat type. The river and ridge habitats surveyed vary in vegetation
composition, forest density, sunlight, and geology, among other factors. Amphibian populations
tend to mirror these differences, as species composition is often influenced by landscape and
forest type, along with changes in response to forest succession (Thompson 2018). A recent
study found that amphibians are more sensitive to changes in forest type than reptiles and that
secondary forest had a lower species abundance and diversity than old-growth forest (Thompson
2018). This study includes the comparison of ridge and river habitats to highlight the potential
consequences of anthropogenic disturbance encroaching on the remaining primary forests of the
Ecuadorian Amazon. It is critical to conduct studies that inform how herpetofauna populations
will respond to different land use and habitat shifts, along with forest succession.
In order to conduct this study, visual encounter surveys (VES) were used along both a
ridge and river trail at both Sumak Kawsay and Waska Amazonia. In addition to investigating
the influence of elevation and habitat on herpetofauna populations, this study attempts to build
on past studies to develop a database on the relatively understudied forests of Llanganates
National Park. The forests of Llanganates National Park include both humid tropical forest and
eastern humid montane forest habitats and the steep slopes carved out by rivers create variation
within, with valleys and ridges (Sumak Kawsay in situ).
Herpetofauna receives a fraction of the attention that large mammals and megafauna do
in the grand scheme of tropical studies, yet they are among the most important for evaluating
ecosystem health. Amphibians are widely recognized as excellent bioindicators, and reptiles
have also proved to be better bioindicators than mammals (Thompson 2005). Combined, the
detectability and relative abundance of amphibians and reptiles, along with their reputation as
reliable bioindicators, make this group an excellent study target.

Despite their critical role, amphibians and reptiles are among the most threatened groups
of animals in the world. Among the global threats they face, there are six major ones: climate
change, habitat loss and degradation, invasive species, disease, pollution, and unsustainable use
(Reyes Puig 2017). The IUCN Red List currently classifies 40% of amphibians as being
threatened with extinction, making them the most threatened vertebrates globally (The IUCN
2022). In Ecuador specifically, 69% of amphibian species are listed as either threatened or near
threatened (Ortega-Andrade 2021). A study investigating the conservation status of reptiles
worldwide found that nearly 20% of reptile species globally are threatened with extinction, and
another 20% is considered data deficient (Böhm et al. 2013). Reptiles and amphibians have long
been overlooked when it comes to global conservation efforts despite being faced with high
levels of extinction.
Frogs play a critical role in the ecosystems they inhabit, including pest control, a source
of prey, inherent medicinal value to science, and more. Because frogs are extremely sensitive to
environmental changes, factors like elevation can greatly influence the population makeup of a
given area (Libke 2019). Precipitation, wind, sunlight, humidity, and temperature can all be
influenced by elevation, meaning that conditions have the potential to vary significantly even at
slight elevation differences (Fauth 1989). This also plays into microhabitat selection by frogs. A
microhabitat is defined by a slight difference in conditions from that of the surrounding
environment, which has the potential to serve as a niche of sorts for amphibians (Libke 2019).
Another factor to take into consideration is that some frogs, specifically of the family
Strabomantidae are direct developers, meaning that they don’t rely on a body of water for
reproduction and instead hatch into a froglet directly from the egg. Although less common than
frogs, there are 45 snake species recorded at Sumak Kawsay alone, including the highest
recorded density of Bothrocophias in the world (Sumak Kawsay in situ). Snakes often have
specific habitat selection and surveying may yield differences in selection between river and
ridge habitats. Little is known about the effects of elevation and habitat on lizard populations.
Herpetofauna populations are threatened by a variety of factors which is a major concern
considering their critical ecological role, along with the potential for medicinal value of frog and
snake toxins. Studying how habitat and elevation influence herpetofauna populations will arm
the scientific community with insight on how to best advocate for conservation efforts that will
increase the resilience of these species. In Ecuador alone, the continued expansion of cattle
ranching, deforestation for pasture, agriculture, mining, and petroleum operations have
highlighted the impacts that anthropogenic disturbance has the potential to inflict on
herpetofauna populations over the coming decades. Building on past studies conducted on
anuran populations in the Río Pastaza Basin in 2019 and 2021 on influences of habitat type and
elevation, respectively, it was hypothesized that herpetofauna populations would vary in
response to changes in habitat and elevation (Libke 2019, Halbert 2021). Additionally, it was
expected that preferences for specific habitat types would be exhibited by certain species.
Methods:
1. Site Selection
The purpose of this study is to investigate how differences in habitat and elevation
influences herpetofauna communities. There is about a 200m difference between the two study
sites and they are characterized by different habitats. Standardized sampling was conducted to
compare diversity and abundance of frog populations at both sites. Surveys were conducted at

night for a set period of time each day. Time collecting data and surveying for herpetofauna on
night hikes was split between Sumak Kawsay in Situ (SKIS) and Waska Amazonia. Sumak
Kawsay In Situ Reserve is located at the edge of the Llanganates National Park near the Río
Anzu in the Pastaza Province in Mera County (Sumak Kawsay In Situ). Elevations differ
between the locations, meaning that herpetofauna populations may differ as well in response to
climatic differences. Following recent surveying, it has been determined that Sumak Kawsay and
the surrounding area within the Llangates-Sangay Ecological Corridor hosts the most diversity
for herpetofauna in the world, outdoing Yasuni National Park (Bentley, Publication pending).
Despite the already extensive variety of species recorded in this corridor, there is still much to be
explored. Last year alone, seven potentially new frog species were discovered (Halbert 2021).
Waska Amazonia is another location in the Llangates-Sangay Ecological Corridor at a lower
elevation that hosts a variety of unique habitat types including ridge, rivers, waterfalls, and
caves, creating unique pockets and opportunities for habitat niches.
By surveying at these two locations, this study will include sampling from a range of
habitats throughout the corridor and make use of the elevational disparity to compare the two
sites and investigate the differences in herpetofauna populations between the sites. Surveying
was conducted in two habitat types at each site, river and ridge. Both sites have a form of habitat
defined by these characteristics and are considered primary forest. Ridge habitat is characterized
by a drier, less dense forest with bigger tress, a less dense understory, slopes on either side, and a
layer of leaf litter. River habitats include denser forest, grassy vegetation, mossy rocks, and more
sunlight filtering through the canopy. These changes in vegetation for river sites can be partially
attributed to a higher rate of overturn due to landslides, open areas, flooding, and breaks and
turns in the river. SKIS River site was notably different from the Waska site due to red shale
rock, large boulders, and higher water velocity. Waska was generally warmer and more humid
than SKIS. Waska is also home to a large cave system that adds a whole new level of complexity
to the ecosystem, along with an interesting geological history that has left large limestone
deposits with fossils that influences the soil composition of the area. The Waska River site
specifically had calmer water and more offshoots with streams flowing into the main river.
Targeting and distinguishing herpetofauna species diversity between the two habitats will
provide insights on habitat preferences.
2. Sampling method
Visual surveys were conducted for 14 nights total, yielding a total of 48 hours of
nocturnal surveys. Time was split between Sumak Kawsay In Situ (SKIS) and Waska with 24
hours of surveying conducted at each site. Four sites were sampled total, and river and ridge
habitats at each location were both surveyed for about 12 hours. Between 3 and 4.5 hours of
surveying were conducted each night. The application iNaturalist was used to record all
observations of herpetofauna during each survey period. Information collected for each
observation included species, identification photos, time recorded, and GPS coordinates. The
complete data collected can be found at the link below:
https://www.inaturalist.org/observations?place_id=any&user_id=ellieh1&verifiable=any
At each site, a central point was established and surveying consisted of a network of
routes branching out and surrounding the central point, as indicated in Figure 1. This technique

allowed for a sampling method that remained within the defined habitat type and accommodated
for flexibility given limitations in weather conditions.

Table 1: Elevation and hours surveyed across sites. Visual encounter surveys (VES) were
conducted at the dates and locations listed in Table 1. Surveys alternated between river and ridge
habitats nightly.
Table 1 outlines the surveying conducted over the course of 14 days at all sites. Two
primary locations were surveyed, SKIS and Waska. At both locations, ridge and river sites were
identified and surveyed on alternating nights. The total elevation ranged from 1,200m to 1,410m
among sites. The elevational disparity, along with unique habitats and forest types provide ample
opportunity for pockets of endemism to develop and herpetofauna to thrive in the preferred
environmental conditions of each respective species. In total, 14 nights of surveys were
conducted yielding 48 hours of observation.

Sample Effort

Table 2: Sample effort during sampling period. Effort is determined by the number of hours
surveyed multiplied by the number of people present and actively searching for herpetofauna
during the survey period.
Total Effort = # Hours x # People
When more people are present on surveys looking for herpetofauna, there is a greater
chance of encountering more individuals. With one or two people searching for herpetofauna
scouring hundreds of leaves along the trail on the ground, in trees above, to the right, and to the
left, it is extremely unlikely that every individual will be observed. Therefore, as the number of
people increases, the number of individuals observed typically increases as well. Although there
were only 48 hours of surveying conducted, the total sample effort is calculated to be 167.5
hours.
Environmental Factors:
In order to keep track of how environmental factors might influence frog activity and
abundance on nightly visual surveys, several metrics were recorded. Each night, temperature and
humidity were recorded prior to and directly after the survey period using a ThermoPro TP65
Indoor Outdoor Temperature and Humidity Monitor. Precipitation, moon phase, wind, and cloud
cover were also noted for each survey period.
Photography:
Handling for the purposes of photography was limited to manipulating the individual for
images of the inner thigh and ventral view if identification is not possible from the dorsal and
lateral perspective. The identification of herpetofauna, especially frogs, is difficult in cases
because species can sometimes only be distinguished by minor morphological characteristics

(Amphibian 2018). For each individual, dorsal and lateral angles were taken when possible and if
the species ID was not certain, additional images of the ventral and inner thigh were captured
and logged on iNaturalist as well. Close-ups of the head, hands, feet, and other relevant
characteristics were also taken for identification when necessary. Chemicals including bug spray
and sunscreen were avoided entirely to ensure the well-being of the individuals that required
additional photos for identification.
Data Analysis
1. Grouping of Sites
In order to group data and make comparisons between the two study locations, SKIS and
Waska, as well as make comparisons between Ridge and River habitats, the data was combined
into groups in two different ways. The table below indicates the two ways in which the data was
split and grouped to make the necessary comparisons.
Grouping
SKIS
Waska
Ridge
River

Sites
SKIS Ridge, SKIS River
Waska Ridge, Waska River
SKIS Ridge, Waska Ridge
SKIS River, Waska River

Table 3: Grouping of survey sites for comparison. Grouping allows for two separate
comparisons to be made within the data collected. The first comparison is between the two
locations SKIS and Waska generally, without differentiating between ridge and river. The second
comparison groups together the ridge sites and the river sites from both locations.
2. Calculations
In order to estimate the species diversity of the sites surveyed and draw comparisons, the
transformed Shannon-Weiner Entropy was calculated. The Shannon index was calculated with
the formula below using an online calculator software (Rain 2022):
H = -∑[(pi) * log(pi)]
The variable pi in the Shannon Index equation is the proportion of individuals of a given
species over the total number of individuals as shown by pi= n/N. The transformed ShannonWeiner Entropy was then calculated by using the previously calculated Shannon index as ‘H’
and using the formula e^H.
The Jaccard Index allows for comparison of species communities between sites. It was
calculated using the formula below which is the number of species present in both sites over the
total number of species. A and B are variables representing the two sites being compared.

The software iNEXT was used to create the species accumulation curves and coverage
curves for the sites compared (Chao 2016). Excel was used to create Figure 9 comparing species
richness between sites.
Results:
Throughout this investigation, 348 individuals from 37 species were observed and
recorded in iNaturalist (Table 4). The species with the highest number of observations was
Pristimantis croceoinguinis with 73 observations over the course of the survey period. Following
Pristimantis croceoinguinis, other amphibian species observed frequently included Pristimantis
quaquaversus (41), Pristimantis sp. (27), and Rhinella festae (19) (Table 4). The family with the
highest number of observations was Strabomantidae, which includes the genus Pristimantis.
Amphibians, frogs specifically, were observed much more frequently than reptiles, and lizards
were observed more frequently than snakes. Out of the lizards, the most frequently observed
species was Gelanesaurus flavogularis with 49 observations, nearly four times more than the
second-most observed lizard.
Trends among individuals being observed at certain sites more frequently are present and
emphasize the role that elevation and habitat play on herpetofauna species composition. 58 of the
73 observations of Pristimantis croceoinguinis were in the Waska Ridge site, with the remaining
15 observed at the Waska River site. No individuals were recorded at either of the SKIS sites.
Only 4 of the 37 recorded species were observed across all four sites. However, 11 of the 37
species recorded were observed at only one specific site (Table 4).
Species
Amphibians
Bufonidae
Rhinella festae
Rhinella marina
Centrolenidae
Chimerella mariaelenae
Nymphargus cochranae
Rulyrana flavopunctata
Dendrobatidae
Allobates zaparo
Ranitomeya variabilis
Hylidae
Boana almendarizae
Dendropsophus parviceps
Osteocephalus deridens
Osteocephalus fuscifacies
Osteocephalus verruciger
Strabomantidae
Niceforonia nigrovittata
Pristimantis altamnis
Pristimantis cremnobates
Pristimantis croceoinguinis
Pristimantis diadematus
Pristimantis incomptus
Pristimantis katoptroides
Pristimantis mallii
Pristimantis petersioides
Pristimantis prolatus

SKIS Ridge

SKIS River

7
1
1
2

3
2

Waska River

Total

10

2
1

19
2

7

2
2
7

1
1

1
1

8
3
1

10
5
2
4
4

1

2
1
1
1
2

2
1

Waska Ridge

9
1

1

1
11

2

2

1

6
8
5
58

1
6
15

1

1
2

3

8
18
13
73
2
11
2
4
2
3

Pristimantis quaquaversus
Pristimantis rubicundus
Pristimantis sp.
Pristimantis sp. 1
Pristimantis trachyblepharis
Pristimantis ventrimarmoratus
Reptiles, Lizards
Alopoglossidae
Alopoglossus atriventris
Alopoglossus buckleyi
Gymnophthalmidae
Gelanesaurus flavogularis
Potamites ecpleopus
Iguanidae Dactyloinae
Anolis fitchi
Iguanidae Hoplocercinae
Enyalioides praestabilis
Reptiles, Snakes
Colubridae Dipsadinae
Dipsas vermiculata
Imantodes lentiferus
Leptodeira annulata
Total individuals
Total Species

3

2

6

3
1

1
1

5

1
1
49
20

21
13

2
1
1

1
5

15
3
5

5

22
1

41
3
27
1
1
3
1
2

17
1

49
2

1

1

1

9

15

1
1

1
1
1
149
18

2
3
2
348
37

48
19

102
18

Table 4: Species abundance across sites. The species and individual counts for each of the four
sites are listed. Species are organized by family and in alphabetical order. Pristimantis sp. is
listed as an observation that was a member of the Pristimantis genus, but in cases where a
species ID could not be assigned. Often, this was due to the individual being too small and
juvenile to properly and accurately ID.
1. Survey Sites
Four survey sites were sampled, all primary forest, with varying habitat characteristics
and elevations. The differences among these sites influence the species compositions of the
herpetofauna that inhabit them. In all four sites, there were 2-4 species that made up nearly 50%
of the species composition (Figure 2). The remainder of the spread was well distributed. The
species richness between all sites is relatively even, ranging from 18-20 species. SKIS Ridge had
the most even species distribution, while Waska Ridge was dominated by a single species,
Pristimantis croceoinguinis. Waska Ridge and Waska River had a higher abundance of
individuals recorded, but the majority of observations appear to be skewed towards a few
species. SKIS Ridge and SKIS River had a lower abundance of individuals, yet a higher species
richness with more diversity than the Waska sites (Table 4).

Figure 2: Species composition across sites. Using pie charts to visualize the species makeup
and diversity of each site in relation to the others.
2. Species Observed
Habitat preferences by certain species was illustrated by their abundance among sites
with varying habitat characteristics and elevation. Some notable trends were identified among

the species shown below (Figure 2). Nymphargus cochranae was one of the 11 species identified
in only one site, SKIS Ridge. This finding highlights the influence of unique habitats on species
abundance. Boana almendarizae was observed exclusively in River sites at both SKIS and
Waska. Comprising 23% of the individuals observed at the SKIS River site, Pristimantis
incomptus was also a species found exclusively in one site. Osteocephalus verruciger was
recorded only at SKIS with two observations at both the ridge and river sites there. Despite
limited observations, calls by individuals in the Osteocephalus genus could be heard at each site
and were one of the most common (Tapia 2022, Pending publication). Leptodeira annulata was
observed at both SKIS and Waska, but only in ridge habitats. The species with the fifth-most
observations, Rhinella festae was found in three out of the four sites, but 90% of the observations
were in ridge habitat.

Figure 3: Examples of observed species during surveys. As indicated in the images, the
species identified are as follows: A) Nymphargus cochranae, B) Boana almendarizae, C)
Pristimantis incomptus, D) Osteocephalus verruciger, E) Leptodeira annulata, F) Rhinella
festae. Photos by Elle Hankin.

3. Measures of Diversity

Figure 4-8: Species Accumulation Curves and Sample Coverage Curves comparing SKIS and
Waska as well as Ridge and River. The total Species Accumulation Curves and Sample
Coverage Curves for all herpetofauna observed is also included.

The Species Accumulation Curve comparing SKIS and Waska reveal a statistically
significant difference between the communities as the curves do not overlap at all. The Species
Accumulation Curve for Ridge and River sites similarly shows that the communities host
differing species, but there is a slight overlap, indicating that the grouping does not have the
same extreme disparity in diversity as the SKIS and Waska sites (Figure 4-8). The coverage
curves for all groupings, as well as the total, indicate that for the time sampled, there was a high
sample coverage achieved. Each grouping had a coverage of over 90% and a coverage of about
80% is considered to be a good coverage in the tropics (Table 6).
Site
SKIS
Waska
Ridge
River
Total

Hours
24
24
24
24
48

Singletons Doubletons
9
5
11
2
10
6
13
6
6
11

Coverage
0.9075
0.9561
0.9498
0.9139
0.9829

Table 6: Singletons and Doubletons within site groupings.
The measure of singletons in a survey sample is relevant as it is used to calculate the
coverage curve and determine how complete a sample is for a given area. This allows for a
measure of completeness to be identified. Doubletons are also an important value when
calculating coverage using the software iNEXT (Chao 2016).
Tranformed ShannonWeiner Entropy

SKIS Ridge

SKIS River

Waska Ridge

Waska River

15.64

12.55

8.08

10.38

Table 5: Transformed Shannon-Weiner Entropy across all sites. The Exponential Shannon
Index provides a base for comparison between sites.
Calculating the Transformed Shannon-Weiner Entropy revealed that the site with the
highest level of biodiversity was SKIS Ridge with a value of 15.64 (Table 5). Waska Ridge had
the lowest biodiversity with a value of 8.08 (Table 5). Compared to Waska, SKIS had a higher
level of biodiversity in both river and ridge sites. When Ridge and River are compared as sites,
there is not a clear grouping that is more biodiverse, but if the values are averaged, Ridge
appears to be slightly more biodiverse with a value of 11.86 compared to 11.48 for River.

Jaccard Similarity
Index

SKISWaska

RidgeRiver

SKIS Ridge-River

Waska RidgeRiver

0.4324

0.5405

0.4444

0.3846

Table 7: Jaccard Similarity Index across sites. Calculating the Jaccard Index by determining
the number of shared species between two sites allows for the comparison of communities and

their species richness. The index is represented as a value between 0 and 1, with 0 meaning there
is no overlap in species between sites and 1 meaning the sites have all the same species present.
Between the two most relevant comparisons for this study, SKIS-Waska and RidgeRiver, the sites had relatively similar levels of similarity, with SKIS and Waska having slightly
fewer species in common than the Ridge and River survey sites (Table 7). As additional
comparison, the results for similarities between Ridge and River sites for both SKIS and Waska
were included. The results for these comparisons within the sites were relatively similar to the
original comparisons SKIS-Waska and Ridge-River (Table 7).
20

Species Richness

15

10

5

0
SKIS Ridge

SKIS River

Waska Ridge

Waska River

Site

Figure 9: Species Richness across sites. This figure compares the species richness between the
four sites surveyed.
The richness across SKIS Ridge, SKIS River, Waska Ridge, and Waska River are very
similar and are calculated to be 20, 19, 18, and 18, respectively (Figure 9). The site with the
greatest species richness was SKIS Ridge and the two Waska sites are tied for the lowest
richness (Figure 9). However, when making comparisons through grouping the data, SKIS has a
slightly higher species richness than the Waska sites with a value of 27 compared to 26. The
River sites had a slightly greater species richness than Ridge sites with a richness of 29, one
greater than the Ridge sites with 28.
Discussion and Conclusion:
Notable species
The Río Pastaza basin is characterized by high-altitude slopes that are home to the most
biodiverse herpetofauna populations in the world. The high level of endemism across organisms
can be attributed to the variation in elevation that creates microclimates and microhabitats within
these tropical forests (Jost 2004). In 2021, a herpetological field guide of the upper Río Anzu
region was published listing 140 species and 68 anurans (Bentley et al. 2021). Over the course of

this study, 41% of the registered anuran species in the region were encountered and 26% of all
herpetofauna registered in the region was recorded. Limited habitat surveyed and cryptic or
uncommon species mean that even with greater survey effort, it is unlikely many more species
would have been recorded (Figure 4-8). However, surveying also yielded a species that are not
included in the recently published herpetological field guide as they had not been observed in the
Río Anzu region prior. This species is Allobates zaparo, a species in the family Aromobatidae.
This species or family have never been observed in the Llaganates-Sangay corridor before, and is
one of six observations recorded in all of Ecuador according to the iNaturalist database
(iNaturalist). These findings serve to testify that much is yet to be discovered in this region of
high diversity and endemicity.
Several other species of note were identified during the course of this study, including
individuals of the Pristimantis aff. cremnobates and Pristimantis croceoinguinis complex which
were observed on multiple occasions. Both are currently candidate species and awaiting further
study and genetic analysis. Further, after conducting genetic sequencing of several individuals
observed in the Pristimantis genus, results indicate that the genus is undergoing rapid speciation
and even in cases where an ID was made, sequencing yielded a similarity of below 96%, which
is the recognized cutoff for being identified as the same species and indicates that it may be a
new species entirely (Bolan 2022, Pending publication).
General site comparison
When comparing the similarity of species between sites, it was found that only 4 of the
37 recorded species were present in each site while 11 of the 37 species could only be found in
one specific site (Table 4). This statistic was not expected but supports the idea that the majority
of species in this region thrive in specific habitat types or elevational ranges and the
subsequently high frequency of endemism that results. Of the 348 individuals observed, 204 are
in the Pristimantis genus in the family Strabomantidae. This observation aligns with past studies
of anuran populations in the upper Río Anzu region that also listed Strabomantidae as the family
most frequently recorded (Halbert 2021, Libke 2019). Frogs were by far the group most often
observed, with lizards following, and snakes last. Many of the frog species are nocturnal, which
means activity is heightened at night and they are often more frequently observed. The majority
of lizard observations resulted from spotting a sleeping lizard on a broad leaf or twig. Lizards,
particularly Enyalioides praestabilis and Gelanesaurus flavogularis, tend to be diurnal and
therefore may be less frequently observed at night as encounters during survey periods were
dictated by where they chose to sleep (Mármol–Guijarro 2020).
Species richness among both individual sites and the two groupings compared were
similar. However, in each site there appeared to be 2-4 species that combined, accounted for
nearly 50% of the species composition of the area (Figure 2). Despite these results, the Jaccard
Index calculated yielded relatively low similarity between the two primary groupings, SKIS vs.
Waska and Ridge vs. River (Table 7). This finding demonstrates the distinct nature of the sites
and the potential influence on species diversity within sites.
Surveying for 48 hours resulted in 348 individuals and 37 species of herpetofauna
identified. When compared to similar studies in the region, this was a successful rate of
encounter. A 2008 study published 240 hours of surveying resulting in 233 individuals in 30
species, while a 2019 study surveyed 60 hours and identified 352 individuals in 31 species
(Libke 2019). Taking these studies into consideration, in addition to the coverage curves

calculated for each comparison, it appears that more hours of sampling in the same location
would not result in many more individuals or species encountered. Instead, it may be more
productive to direct attention towards new study sites with differing habitat characteristics to
seek out species that prefer different conditions (Libke 2019).
SKIS and Waska comparison
Waska had a significantly higher species abundance than SKIS, with more than double
the number of observations when compared to SKIS (Table 4). However, a large portion of these
observations were of the species Pristimantis croceoinguinis, indicating that there may be
specific conditions such as warmer temperatures and higher humidity at Waska that cater
towards their population. It is also possible that the timing was right for a reproductive event that
led them to concentrate geographically for a period of time, as is known to occur among anurans
(Libke 2019). Despite the lower number of individuals recorded, SKIS had a slightly higher
species richness and diversity than Waska (Figure 9). The disparity of species richness was not
quite significant enough to draw any conclusions on the reasoning behind it. The exponential
Shannon index calculated that SKIS was more biodiverse than Waska for both river and ridge
sites (Table 5). Waska is a newer survey site than SKIS, so there are not many studies that
provide a base for comparison, but it is possible that this study may be able to fill that role for
future investigations.
The Jaccard Index calculated for SKIS and Waska was 0.4324, showing that about 58%
of the species encountered at the two sites were different. This means that more than half of the
species present are potentially unique to SKIS. Similar investigations on anurans inhabiting highelevation sites reported high species turnover (Goyannes-Araújo et al. 2015). The species
accumulation curve comparing SKIS and Waska indicates a similar result as the curves do not
overlap whatsoever, demonstrating the difference in the compositions of the communities. Given
the nature of this region, with pockets of endemicity and elevational differences that alter
environmental conditions and vegetation, this is possible.
Specific species present in SKIS or Waska provide insight as to what role elevation and
habitat play in species abundance and diversity. Besides the abundant Pristimantis
croceoinguinis, another interesting finding was the prescence of Pristimantis incomptus soley at
the SKIS River site, making up 23% of the individuals observed there. Pristimantis
quaquaversus, despite being present in each habitat, was much more abundant in Waska with
88% of individuals found there. Gelanesaurus flavogularis was similar in this regard, with 80%
of individuals recorded at Waska sites. A number of factors may be responsible for this trend,
and it is likely that elevation and vegetation preferences play a role.
A notable finding at the SKIS River site was Pristimantis sp. 1, a recently discovered
species in 2021 that is yet to be described. This record is particularly significant because nearly
no information on the species exists, including a lack of insight on its conservation status. As the
genus with the highest number of endemic species to Ecuador, there is a lot yet to be discovered
in the complex genus Pristimantis (Brito 2017).
Based on Osteocephalus abundance, a general preference for SKIS was noted with 90%
of Osteocephalus individuals found at SKIS. Climatic conditions, canopy cover, or even the
presence of large trees with suitable bromeliads for reproduction may play a role in this
preference. The call of Osteocephalus fuscifacies is one of the most commonly heard near the
Yasuni Research Station and researchers revealed that they often call from bromeliads that are

higher than 7m off the ground, rarely descending (Read & Ron 2021). At SKIS, only four
Osteocephalus verruciger individuals were observed. However, individuals in the Osteocephalus
genus were heard at each site, and every night surveying (Tapia 2022, Pending publication).
Further studies combining VES and calling surveys may be useful in herpetology studies,
especially with identifying the presence of individuals that remain in the canopy the majority of
their lives.
Ridge and River comparison
Ridge and River sites are primarily distinguished by different vegetation types with river
having denser forest, higher overturn, rocks, and more light. Ridge is generally drier with leaf
litter and has a less dense understory with a steep gradient in some areas. Despite these major
habitat differences, there was not a site that was distinctly more biodiverse or had a higher
species richness than the other. The differences in light, canopy coverage, and forest density
mean that the vegetation present in each site varies greatly. Although there were elevational
differences among sites, between river and ridge it is less than a 100m difference at both sites
and likely does not heavily influence species abundance and diversity. Vegetation type has the
potential to influence anuran presence, as trends were observed in how certain species would be
spotted primarily on broad leaves or branches a certain distance off the ground. Specific records
of these observations were not recorded but would be interesting to pursue in a future study. A
recent investigation at SKIS found that species in the genus Dendropsophus tend to prefer
vegetation with broad leaves and were most often found there during surveys (Libke 2019).
Using iNEXT to calculate the species accumulation curve resulted in a figure showing
that the communities are in fact rather distinct in composition, but the fringe of the curves do
overlap slightly (Figure 4-8). The differing communities may be attributed to a few notable
species. Species in the Hylidae family rely on water for reproduction, unlike those of the
Strabomantidae family which are direct developers. Boana almendarizae, a Hylidae, was
recorded only in River sites at SKIS and Waska, potentially as a result of their reliance on a body
of water (von May 2013). Ridge habitat was strongly preferred by a number of species including
Rhinella festae, Niceforonia nigrovittata, Enyalioides praestabilis, and Leptodeira annulata
(Table 4). Rhinella festae is an anuran in the family Bufonidae and 90% of its observations were
in ridge habitat. They tend to prefer leaf litter and resting on leaves close to the ground (Frenkel
2019). Niceforonia nigrovittata is known to have similar habitat preferences and was located in
ridge sites only. Enyalioides praestabilis also exhibited a strong preference for ridge habitat,
with 93% of observations in ridge habitat resting on thin branches or broad leaves close to the
ground. The snake species Leptodeira annulata was found in ridge habitats at both SKIS and
Waska. It is also possible that the soundscape of certain areas influences species diversity. Many
anuran species rely on calling for communication and reproduction, which means that ambient
sound likely impacts species compositon and distribution, particularly in sites with vastly
different soundscapes like River and Ridge (Goutte 2013).
Allobates zaparo and Ranitomeya variabilis are species of the families Aromobatidae and
Dendrobatidae, respectively. Both are diurnal and spend the majority of their time on the forest
floor in leaf litter or perched on low vegetation. They feed on small insects in the leaf litter and
both rely on water for reproduction (Ron et al. 2019). Both individuals were found during night
surveys at the Waska River site very close in proximity, but on different nights. It is possible that
the region in which they were found is a unique suitable microhabitat for them, possibly in

relation to the leaf litter composition. Hyper localization is not an uncommon phenomenon in
high-altitude anuran populations and is often a result of the other organisms similarly relying on
niches within the elevational gradient (Halbert 2021).
Snakes were relatively evenly dispersed across sites with the exception of the Waska
River site in which they were not found. Comprising 2% of total individuals observed in the
study, snakes were the most cryptic group and were significantly less common than frogs and
lizards. Across the observations there was an interesting trend in vegetation selection among the
snakes found. Each snake was perched about 1.5m above the ground on leafy vegetation. This is
common among the species observed as they are primarily arboreal (Arteaga 2020).
Limitations and Further studies
An interesting observation made during nightly surveying was that where one frog was
found, there were often others nearby. This includes both frogs of the same species, and those of
other species. Studies recognize the importance of microhabitats in influencing anuran diversity
in tropical forests due to unique pockets of environmental factors, but further studies
investigating the presence of clusters of individuals in surveys have yet to be conducted (Halbert
2021).
Another limitation to the methodology of VES surveying is that it is only possible to
search for herpetofauna if the individuals are less than about 3m off the ground. However, an
estimated 50-90% of biomass in tropical forests is above the forest floor and there much yet to be
discovered in the canopy, especially within herpetofauna studies (Butler 2020). During nightly
surveying, anuran calls could be heard frequently and incorporating calling surveys into studies
relying primarily on VES to conduct more complete surveying would be useful. Many frog calls
remain unknown, but the call of Pristimantis altamnis was recently recorded for the first time
which is a major step forward for the establishment of a frog call database that can lay the
foundation for more thorough calling survey methods (Tapia 2022, Pending publication). Further
investigation can allow for the creation of an automated system that would ideally make
identifying frog calls as commonplace as identifying bird calls is for ornithologists. This is
particularly important because frogs are more cryptic than animals like birds and many are
nocturnal, meaning that when surveying is more productive, headlamps must be used and there is
limited visibility. Calling surveys would provide a method to measure species richness that is
reliable and more efficient than VES (Libke 2019).
Conclusion
This study investigated the influence of elevation and habitat type on herpetofauna by
comparing populations in four distinct sites and grouping data to make two general comparisons:
SKIS vs. Waska and Ridge vs. River. Similarity was relatively low between sites, especially
considering the ridge and river sites at both SKIS and Waska had an elevation difference of
under 100m. This finding, along with the fact that only four species out of 37 observed were
found in each of the four sites, speaks to the influence that differing habitats has on species
abundance and diversity in the Llanganates-Sangay Ecological Corridor. Based on findings from
VES, many species have preferences for a certain habitat type that can be attributed to their life
processes, diet, and behaviors. The shifts in environmental conditions, vegetation type, geology,
and forest structure create pockets of endemicity and unique niches that herpetofauna inhabits.
The Llanganates-Sangay Ecological Corridor, and specifically the Río Pastaza region
with its abundance of microhabitats and range of elevation within a limited geographical area is

largely understudied and there are undoubtedly new species of flora and fauna awaiting
discovery (Halbert 2021). Further investigation and discovery in this region would highlight it as
a priority for conservation and aid in the long-term protection of the species and land. The
discovery of new species can also be a major source of funding in conservation when naming
rights are auctioned off. In a field where many decisions are driven by the availability of funding,
exploring regions like the Río Pastaza basin can potentially provide funding that will guarantee
the protection of the area, and surrounding sites for decades to come.
The heat escalator effect is a major concern related to climate change that describes the
phenomenon in mountains and species range shifts up isolated mountains until there is no further
up to go, and the species becomes extinct (Marris 2007). When it comes to elevation and the
possibility of losing unique species that are unable to adapt to climate shifts, the heat escalator
effect becomes a real issue. There are a variety of potential impacts of climate change on frog
species at elevation. Amphibians are particularly susceptible to slight climatic changes and this
can induce stress and weaken their immune system making them more susceptible to disease.
Frogs inhabit specific niches at different elevations, sometimes associated with plants (ReyesPuig 2022). Interspecies relationships complicate the expected impacts of global warming and
the heat escalator effect, especially in tropical ecosystems where life is so tightly intertwined.
Because amphibians are particularly susceptible to contamination of water sources, the
expansion of petroleum and mercury operations poses a major threat. Deforestation and
fragmentation are a threat to amphibian populations that rely on habitat connectivity for
reproduction. Fragmentation of habitat can have varying effects depending on how large the area
is. Disturbed areas are yet another effect of human activity that can affect anurans, along with
edge effects (Cubides 2011). This study highlights the importance of this region for conducting
further studies on herpetofauna, specifically frogs, with urgency, as high species turnover and
external threats including changing climate conditions have the potential to eliminate species
before they are recognized by the scientific community.
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